Cysteine catabolism by gut microbiota produces high levels of sulfide. Excessive sulfide can interfere with colon function, and therefore may be involved in the etiology and risk of relapse of ulcerative colitis, an inflammatory bowel disease affecting millions of people worldwide. Therefore, it is crucial to understand how cells/animals regulate the detoxification of sulfide generated by bacterial cysteine catabolism in the gut. Here we describe a simple and cost-effective way to explore the mechanism of sulfide toxicity in the nematode Caenorhabditis elegans (C. elegans).
Method details
The major goal of the method presented here is to provide a robust and economical way to explore sulfide toxicity in C. elegans. As such, the method does not require any expensive infrastructure, equipment, or costly sulfide releasing compounds, but rather uses the natural C. elegans food source (bacteria) to catabolize cysteine to sulfide. Moreover, the inverted plate setup (described below) provides a simple way to treat the worms with chemicals and RNAi expressing bacteria without the exposure of these agents to the cysteine plates. Notably, the assay can be used to explore the sulfide tolerance of other nematode species [1] , and in principle can be adjusted to study the sulfide resistance of other animals/cells. In addition, we demonstrate the use of the methylene blue method [2, 3] to measure the production of sulfide in the inverted assay plate. This method is accurate, as well as simple and inexpensive. We anticipate that these methods will enable researchers worldwide to explore the mechanism by which animals tolerate and adapt to high physiological levels of sulfide. 
Materials

Sulfide toxicity assay protocol
Generating synchronized young C. elegans hermaphrodites
To generate a synchronized population of L1 arrested larvae:
1. Prepare a 12 ml hypochlorite solution by mixing 2.4 ml of 2.5 N sodium hydroxide and 3 ml of 5% solution of sodium hypochlorite with 6.6 ml DDW. The final concentrations of sodium hydroxide and sodium hypochlorite are 0.5 N and 1.25%, respectively. 2. Collect the worms (gravid hermaphrodites) into a 15 ml tube by washing the nematode growth medium (NGM) plates three times with M9 buffer (22 mM KH 2 PO 4 , 42 mM Na 2 HPO 4, 86 mM NaCl, and 1 mM MgSO 4 ). 3. Allow the worms to sediment for $3 min and remove supernatant until 2 ml of volume remains. 4. Add 2 ml of hypochlorite solution and mix by inverting the tube five times. To assist the release of embryos, use a syringe with a 21 gauge needle to aspirate the worm suspension back and forth several times. 5. After 3 min observe the state of the worms using a dissecting stereoscope. At this stage approximately 50% of worms should appear broken and many of the embryos should float in the solution. 6. Immediately sediment the embryos using centrifugation (1690 g for 2 min). 7. Carefully remove the supernatant and add 10 ml of M9 buffer. Repeat the M9 washes three additional times. Remove the supernatant until 2 ml remains. 8. Rotate the tube 16 h at room temperature (RT, 21 C). 9. Collect the hatched L1 larvae by centrifugation (1690g for 3 min) and put $50 larvae per NGM plate (seeded with 100 ml OP50 bacteria).
10. Grow the L1 larvae until the young adult stage.
Preparing the cysteine plates 4. To make NGM-agar, dissolve 3 g sodium chloride (NaCl) in 900 ml DDW. Add 20 g Bacto agar and 2.5 g of Bacto peptone. Add DDW to make a 1 l suspension. Autoclave, cool to 55 C in a heating bath and then add using sterile technique the following solutions (mix well after each addition): 1 ml of CaCl 2 , 1 ml MgSO 4 , 25 ml of potassium phosphate buffer pH 6, and 1 ml of 5 mg/ml cholesterol (the cholesterol is dissolved in ethanol). 5. To make 3 mM cysteine plates, transfer 42.5 ml of NGM-agar to a 50 ml tube. Work quickly in order to prevent the solidification of the agar. Add 6 ml DDW and 1.5 ml of 100 mM cysteine solution pH 7.2. Vortex and transfer 4 ml to each 35 mm petri dish.
6. Cover the plates with aluminum foil and incubate overnight at RT.
Preparing the concentrated bacterial suspension 1. Make Luria-Bertani (LB) agar plates by dissolving 10 g NaCl, 10 g Bacto tryptone, 5 g Bacto yeast extract, and 15 g Bacto agar in 950 ml DDW. Adjust the pH to 7.0. Add DDW to make a final volume of 1L, autoclave. Cool the solution to 55 C, and pour 25 ml per 90 mm petri dish. Let the plate to dry for 2 days at RT. 2. Prepare 2X yeast tryptone (YT) medium by dissolving 5 g NaCl, 16 g bacto tryptone, and 10 g bacto yeast extract in 950 ml DDW. Adjust the pH to 7.0. Add DDW to make a final volume of 1L and autoclave. 3. Two days before the experiment, streak an LB plate with OP50 bacteria (from a glycerol stock).
Incubate at 37 C overnight. 4. A day before the experiment, inoculate an OP50 bacteria colony from a freshly streaked LB plate into 3 ml of 2XYT medium in a 15 ml tube. Shake overnight at 37 C, 250 rpm. 5. On the day of the experiment, transfer 1 ml from the overnight culture into 200 ml 2XYT (in a 1 L Erlenmeyer flask). Shake at 37 C, 250 rpm, until an OD 600 of $0.7. 6. To make 200-fold concentrated OP50, transfer the bacteria to centrifuge bottles and spin the bacteria at 3000 g for 5 min. Pour the supernatant and invert the bottles on a Kimwipe to dry the pellet.
7. Resuspended the pellet with 650 ml DDW, add 30 ml 100 mM cysteine, pH 7.2, and add DDW to a final volume of 1 ml. In this way, the OP50 suspension also contains 3 mM cysteine. For control experiments, add DDW instead of the cysteine solution. 14. Analyze the data using appropriate software; we use GraphPad Prism7.
Below we present the quantification of sulfide emission from the cysteine plates (Fig. 2) .
[ ( F i g . _ 2 ) T D $ F I G ] [ ( F i g . _ 1 ) T D $ F I G ] 2. We characterized the kinetics of sulfide release from OP50 bacteria in the presence of 3 mM cysteine (using the lead acetate method). Firstly, we measured the production of sulfide at various time points from the addition of OP50 to the tubes (containing 3 mM cysteine) until 16 h later. The aim of this experiment was to explore whether the production of sulfide inside the tube is constant throughout the course of the survival experiments. The production of sulfide after 16 h was similar to the production at the beginning of the experiment (Supplementary Fig. 1A ), indicating that the OP50 bacteria maintain the ability to generate sulfide throughout the course of the assay. Secondly, we measured the accumulation of sulfide throughout the course of a 16 h experiment. The level of sulfide was significantly higher after 16 h incubation compared to 2 h incubation ( Supplementary  Fig. 1B , p = 0.0022, Mann Whitney test), further supporting the conclusion that sulfide is released throughout the assay. 3. The course of work described in this paper accompanies the results described in Livshits et al. [1] . In addition, Images 1 and 2 were adapted from this article.
